Context. Gamma-ray bursts (GRBs) being the most luminous among known cosmic objects carry an essential potential for cosmological studies if properly used as standard candles. Aims. In this paper we test with GRBs the cosmological predictions of the Gurzadyan-Xue (GX) model of dark energy, a novel theory that predicts, without any free parameters, the current vacuum fluctuation energy density close to the value inferred from the SNIa observations. We also compare the GX results with those predicted by the concordance scenario Λ-CDM. Methods. According to the statistical approach by Schaefer (2007) , the use of several empirical relations obtained from GRBs observables, after a consistent calibration for a specific model, enables one to probe current cosmological models. Based on this recently introduced method, we use the 69 GRBs sample collected by Schaefer (2007) SWIFT (Sakamoto et al. 2007) shows that more data and efforts are needed to elucidate both issues: the gamma-ray bursts/standard-candle and lack of a theoretical understanding of the physics subjacent to the empirical relations.
Introduction
Recently Gamma-Ray Bursts (GRBs) were used for cosmography aims, for the analyses of the highredshift behavior of the Λ-CDM cosmological scenario, as well as for several alternative cosmologies (see Schaefer (2003 Schaefer ( , 2007 ; Bloom, et al. (2003) ; Dai, et al. (2004) ; Ghirlanda, et al. (2004) ; Friedman & Bloom (2005) ; Liang & Zhang (2005 ; Xu et al (2005) ; Wang & Dai (2006) ; Firmani, et al. (2006) ; and other papers). The potential power of GRBs for cosmological studies, obviously, resides both in their very high luminosity, which the highest among known astrophysical objects, and the fact that they undergo practically no extinction over cosmological distances. Hence, one can get the possibility to trace significantly higher distance scales than it is possible via supernovae, that is, to trace very deep in the expansion history of the universe. The situation however, not as simple. Schaefer (2007) has developed a statistical approach based on the empirical correlations obtained from several observed GRBs characteristics and obtained the Hubble diagram for the GRBs after calibrated them for the concordance and other cosmological models. This approach has been used also in (Cuesta, et al. (2007) ). The key issue is the use of the empirical relations, e.g. of Ghirlanda, LiangZhang and others, in the absence of understanding of their underlying nature, i. e., the genuine character of the scatter in the GRBs luminosity vs. luminosity indicators relations and of their mutual links. To this difficulty Schaefer (2007) has shown that, although the scatter of each of empirical relations can be not as small, their joint action can lead to a smaller scatter, useful for probing certain cosmological models. Increase of the statistics and deeper studies of the systematics and selection effects will certainly increase the informativity of Schaefer's approach.
In the present paper we use the same approach as Schaefer (2007) , to obtain the gamma-ray burst Hubble diagram for the cosmological models proposed by Gurzadyan and Xue (2003) . The original motivation for GX cosmological models is the fact that, they predict the current vacuum fluctuation energy density close to the value inferred from the SNIa observations (Perlmutter (1998); Riess, et al. (1998); Perlmutter (1999) ; Riess, et al. (2004 Riess, et al. ( , 2006 ) without any free parameter. Xue (2002, 2003) have derived a formula for the dark energy, which fits the observed value without free parameters
The Cosmological Models
whereh is the Planck constant, the Planck length is L p = (hG) 1 2 c −3/2 , c is the speed of light, and G is the gravitational constant. Here a is the upper cutoff scale in computation of vacuum fluctuations and has to be close to the event horizon (Djorgovski & Gurzadyan (2006) ). According to (Zeldovich (1968) ), the vacuum energy (1) corresponds to the cosmological term.GX formula (1) defines a broad set of cosmological models (Vereshchagin (2006) ). For the latter the existence of a separatrix was shown (Vereshchagin & Yegorian (2006a) ), which divides the space of cosmological solutions into two classes: Friedmannian-like with initial singularity and nonFriedmannian solutions which begin with nonzero scale factor and vanishing matter density. Each solution is characterized by the single quantity, a density parameter which is defined in the same way as in the standard cosmological
, where µ is the matter density, H is the Hubble parameter, and index "0" refers to their values today. The separatrix is given by
where K = ±1, 0 parametrize the spatial curvature. The origin of the separatrix was revealed in (Khachatryan (2007) ), and attributed to existence of invariants in GX models.
Analytical solutions for the GX models both for matter density and the scale factor are obtained (Vereshchagin & Yegorian (2006b) ). It turns out that the most simple solutions for the scale factor are again those of the separatrix. In one model it is exponential, in the others they are polynomials. Vereshchagin and Yegorian (2006b, 2008) generalized GX models to include radiation and looked for other consequences of the models.
The predictions of the GX models were shown to be compatible to supernovae and Cosmic Microwave Background data in (Djorgovski & Gurzadyan (2006) ). A likelihood analysis of supernovae and radio galaxies data was performed in (Vereshchagin & Yegorian (2006c) , Khachatryan, et al. (2007) ).
Luminosity Distance Formula for GX-models
The models are described by the two equations for the mass density and scale factor (Vereshchagin & Yegorian (2006b) 
where a dot denotes time derivative. For matter (pressure p = 0) we have solution for matter mass density with GXdark energy (Khachatryan (2007) )
where b m is a GX-invariant for matter. For the scale factoṙ
The luminosity distance d L is (Peebles (1993) ;
where κ s , z are normalized distance and redshift, respectively. The function f k (κ s ) is defined as
where
For the separatrix α = b GX m = 0 we have a simple equation for the luminosity distance
Gamma Ray Bursts calibrated with GX models
For the present analysis we benefit of the largest GRBs sample having properly determined redshifts and luminosities currently available. The first was constructed by Schaefer (2007) and includes 69 GRBs whose main observables: time lag, variability, peak energy, maximum energy in γ-rays and rise time, which were obtained from the GRBs data provided by many γ-ray and X-ray satellites, and ground-based observatories, as collected in Greiner's homepage: http://www.mpe.mpg.de∼jcg/grbgen.html The second one is the 41 GRBs sample with firmly determined redshift as collected by Rizzuto et al. (2007) from the SWIFT satellite.
We performed the calibration procedure (linear regression analysis) of five luminosity relations: time lag vs. luminosity (τ lag − L), variability vs. luminosity (V − L), peak energy vs. luminosity (E peak − L), peak energy vs. geometrically corrected gamma-ray energy (E peak − E γ ), and risetime vs. luminosity (τ RT − L) (Schaefer (2007); Cuesta, et al. (2007) ). We use the OLS Bisector method (Isobe et al. (1999) ) to find a relation between each pair of these GRBs observational properties. The best-fit line for all luminosity relations is given by the general expression log L = a + b log I, where L is the luminosity and I is the luminosity indicator, and a is the intercept and b is the slope in each of the calibration plots here presented. Their uncertainties are:
where σ log Li defines the standard deviation in the luminosity L i , σ a is the standard deviation in the intercept a, σ b is the standard deviation in the intercept b, σ xi is the standard deviation in each x i variable representing log I, and σ sys is the systematic error associated to each luminosity L i estimate. The results of the calibration procedure are given in the Table 1 , and the plot for all luminosity relations is given in the Fig. (1) . Using the same method as Schaefer (2007), we obtained the best estimated distance moduliμ i
where the summation is over the relations with available data,μ i is the best estimated distance modulus from the i-th relation, and σ i is the corresponding uncertainty. Then applying the error propagation law to the equation (13) we obtained the standard deviation associated to this best estimated as σμ = 1/ √ w. The Fig.(3) presents the Hubble Diagram for the 69 GRBs calibrated with the GX models and its comparison
through the expression
with the Λ-CDM model, for the parameters given in the inset. Fig.(2) shows the Hubble Diagram for the 69 GRBs calibrated with the GX models obtained after a slight variation of the separatrix solution for each cosmological model, i.e., depending on the curvature k = 0, −1. 
Results

GX compatibility with the 69 GRBs sample
We now compare GX models with the data set of 69 GRBs of Schaefer (2007) . We use general least square technique for all models with different density and curvature parameters. We find the best fit as Ω m = 2/3, k = 0. The χ 2 value for that parameters is 1.037 with 68 DoF. The best fit curve is shown in Fig.(4(a) ) for the value of the curvature parameter k = 0, while in Fig.(4(b) ) the best fit curve is shown for k = −1. In both figures, which combine gamma-ray bursts, supernova type Ia and radio-galaxies, several other HD from the GX model are plotted for different parameter Ω m , as indicated. Notice that the discrete set of data in the curves of Fig.(5) are due to the lack of an extensive study in the parameter space of Ω m . We plan to address this point in a forthcoming communication.
For the same parameters we have χ 2 ≈ 2 with 264 DoF for SN ). The pair best fit values of the matter density parameter are close to the separatrix value for k = 0, −1, 1, which once again shows the important role of the separatrix in GX models. Indeed, we see that the separatrix fits the best the observational data, with the shown values of the matter density parameter Ω m and the curvature k.
Concerning the k = −1 models, let us note that the ellipticity detected in the Cosmic Microwave Background ra- 
GX compatibility with the 41 SWIFT Satellite GRBs sample
In this section we use the recently released SWIFT satellite, BAT instrument GRBs data (Sakamoto et al. 2007 ), namely, a sample of 41 GRBs known to have firmly determined redshifts (Rizzuto et al. 2007 ). We performed a similar procedure as Schaefer (2007), by constructing only three (3) luminosity indicator empirical relations from the SWIFT data. In particular by using the two variabilities defined by Rizzuto et al. (2007) , which were constructed taking into account the specific operational characteristics of the BAT instrument when analyzing the GRBs masktagged light curves. Those luminosity vs. luminosity indicator empirical relations are as follows [see a more detailed discussion, definitions and references in Rizzuto et al. (2007) ]:
-Luminosity vs. Indicator: V R Variability.-We built this relation based on data of V R variability provided by Rizzuto et al. (2007) and SWIFT Flux data from Sakamoto et al. (2007) . Rizzuto et al. (2007) proved that a Poissonian variance describes the statistical fluctuations of the GRBs light curves (see Apendix A in Rizzuto et al. 2007) . The main reason is that the count rates that were used in the analysis already had their background substracted -Luminosity vs. Indicator: Peak Luminosity.-This relation was constructed for each GRBs as given in Table  1 . of Rizzuto et al. (2007) , which was obtained after extracting the mask-tagged light curve by using a binning time of 50 ms in the energy band [15-350] KeV (redshift corrected). The 1 s time interval with the highest total counts was found, and assumed as the time interval corresponding to 1 s peak count rate in the subsequent analysis -Luminosity vs. Indicator: V LP Variability.-The same procedure as above, but notice that it was supposed that no extra-Poissonian variance had to be substracted from the already mask-tagged light curves
Our results for the SWIFT GRBs data analysis are presented in the Figure-6 , where the three empirical relations (6(a) V LP vs. L, 6(b) V R vs. L, 6(c) E peak vs. L) described above are plotted. Besides, Fig.(6d-6f) present three Hubble diagrams obtained by varying the normalization constant in the variability relations. Notice that Fig.(6e) combines the SWIFT and Schaefer 69 GRBs data. These figures summarize the whole process of testing the consistency of the GX model (for several values of the parameters k and Ω m ) with SWIFT GRBs data, as shown in Tables 3-11. The attentive reader should bear in mind that only three of those calibration processes are illustrated in Figure-6 . Fig.(6d-6f) reveal also the sensitivity of the calibration procedure for these definitions of the GRBs variability on the normalization constant. The combined HD in Fig(6e) appears to be still consistent with the GX cosmological model, but it is also clear that the SWIFT GRBs data distort the better delineate HD of the Schaefer's 69 GRBs sample. This suggests that more data of high redshift GRBs detected by SWIFT would be needed to clarify the viability of using them as insight into GRBs precision cosmology. In this respect, perhaps the use of the SWIFT 77 GRBs sample with measured redshifts collected by Butler et al. (2007) may be of some help. That sample upon arrival of other new datasets will be used in future studies.
Conclusion
We have used the approach by Schaefer (2007) to obtain the gamma-ray bursts Hubble diagram for the cosmological GX models with dark energy. We have shown their fit to the observational data of GRBs with redshift up to z ∼ 6, and have obtained the best fit values for the parameter Ω m defining the models, see Table 2 ; e.g. the best fits for GRB69 correspond to Ω m = 0.64±0.005, for SN+RG Ω m = 0.508 ± 0.004.
Since GX-models predict the current value of dark energy defining from SN1a data, this fact is remarkable in the context of degeneracy between the cosmological parameters. The key issue in such an analysis is up to which extent the gamma-ray bursts can be used as standard candles, i. e. in revealing of the genuine scatter in the empirical relations used for obtaining the Hubble diagram. Given the lack in the understanding of the physics of those relations, handling the new data (Sato et al 2007; Sakamoto et al 2007; Rizzuto et al 2007) must need a particular care. For example, recently Campana et al (2007) claimed weakening of the Ghirlanda relation (χ 2 up to 2 or 3) using a sample of 5 bursts observed by SWIFT. Even assuming that this result is correct, it will influence our evaluations negligibly (χ 2 = 1.040 instead of 1.037). However, Ghirlanda et al (2007) reconsidered the same SWIFT sample and showed that, that relation survives practically unmodified. Recently also Cabrera et al (2007) have reported the correspondence of a sample of SWIFT data with those of other satellites and, hence, absence of outliers.
In sum, the preliminary character of testing of cosmological models via the gamma-ray burst Hubble diagram indeed remains until the understanding of the nature of the used empirical relations and availability of more observational data.
We thank the referee for many helpful comments. The last three authors are partially supported by INTAS. Table 3 . Calibration relations for the GX cosmological model with parameters k and Ω m as indicated. A and B represent the linear regression intersept and slope as defined in the text, while σ A and σ B represent their respective errors, obtained through the linear regression after using the SLOPES method. Here L is the luminosity, τ lag is the time lag, V is the variability, E peak is the peak (or maximum) energy, E γ is the corresponding energy in gamma-rays, and τ RT is the rise-time. Table 11 . Calibration relations of the SWIFT satellite GRBs data for the GX cosmological model with parameters k and Ω m as indicated. Several values of the normalization constant were used in an attempt to understand the sensitivity of the resulting HD to such a parameter (see Fig.6d,  6f ). Also the systematic error is provided. 
